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Full Patentees: Nippon Genshiryoku Jigyo; Toshiba KK. 
In control rod for reactor for controlling reactor output of boiling 
water type reactor, sheath of wing is formed by long life type 
neutron absorbent formed by alloy consisting mainly of hafnium. 
Region on the terminal end side adjoining to insertion Up region of 
the wing is formed such that a total amount of neutron absorbent is 
gradu ally decr eased longitudinally toward the insertio n term inal 
side. — » - 

ADVANTAGE - Arrangement increases life for sheath in U-shape 
in cross-section by using long life type neutron absorbent. (8pp 
Dwg.No.1/10) 
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Claims /I 

1. A type of control rod for a nuclear reactor characterized 
having a configuration in which a tip terminal structural part 
and a tail terminal structural part are combined with each other 
by a tie rod, with U-shaped sheaths being fixed on the 
aforementioned tie rod, tip terminal structural part, and tail 
terminal structural part to form a number of wings; and in this 
control rod for a nuclear reactor, with the aforementioned 
sheaths of wings being formed from a long-life type of neutron 
absorbent made of hafnium metal or an alloy with hafnium as its 
principal ingredient; also, in the region on the insertion tail 
side adjacent to the insertion tip region of the aforementioned 
wing, with the total amount of the neutron absorbent decreasing 
gradually towards the insertion tail side in the longitudinal 
direction. 

2. The control rod for a nuclear reactor described in Claim 
1 characterized by the fact that on the inner side of the U- 
shaped sheath, a plate-shaped neutron absorbent made of hafnium 
metal or an alloy with hafnium as its principal ingredient is 
fixed; and in the region on the insertion tail side adjacent to 
the insertion tip region of the wing, with the substantial 
thickness of the neutron absorbent in the direction of the 
thickness of the wing being reduced stepwise or continuously 
towards the insertion tail side. 

3. The control rod for a nuclear reactor described in Claim 
1, characterized by the fact that the insertion tip region of the 
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wing has a length of 5-32 cm from the insertion tip of the wing 
towards the insertion tail side, 

4. The control rod for a nuclear reactor described in Claim 
1 characterized by the fact that on the inner side of the U- 
shaped sheath, a neutron absorbent made of hafnium metal or an 
alloy with hafnium as its principal ingredient is arranged; with 
the neutron absorbent being formed with a flat plate, corrugated, 
circular, elliptical, or rectangular cross section, and with the 
substantial thickness of the neutron absorbent in the direction 
of the thickness of the wing being reduced stepwise or 
continuously from the insertion tip side towards the insertion 
tail side, except for the insertion tip region. 

5. The control rod for a nuclear reactor described in Claim 
1 characterized by the fact that the neutron absorbent is a 
covering type of neutron absorbent consisting of a long-life type 
of neutron absorbent made of hafnium metal or an [alloy] /2 
with hafnium as its principal ingredient and a covering material; 
and with the covering type of neutron absorbent being arranged 
inside the U-shaped sheath. 

6. The control rod for a nuclear reactor described in Claim 
1, characterized by the fact that the covering material of the 
covering type of neutron absorbent is made of hafnium metal or an 
alloy with hafnium as its principal ingredient. 
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Detailed explanation of the invention 

Objective of the invention 

Industrial application field 

This invention pertains to a type of control rod for a 
nuclear reactor used for controlling the reaction output level of 
a boiling-water reactor or other light water reactor. In 
particular, this invention pertains to a type of control rod for 
a nuclear reactor with a higher reactivity value of the control 
rod, increased nuclear reactor shutdown tolerance, * and longer 
service life. 

Prior art 

In the conventional control rod for the boiling-water 
reactor, fine U-shaped sheaths are fixed on a central tie rod to 
form wings with a cross-shaped cross-sectional profile, with a 
number of neutron absorbing rods packed in each wing. The neutron 
absorbing rod may be prepared by packing boron carbide (B 4 C) 
powder as a neutron absorbent in a covering tube made of 
stainless steel. 

As the control rod for a nuclear reactor is inserted into 
the core portion of the boiling-water reactor, etc., the neutron 
absorbent packed in the sheath is subjected to irradiation by 
neutrons and the neutron absorption is gradually lost. 
Consequently, after operation for a certain time and after the 
service life of the control rod for a nuclear reactor is reached, 
the control rod is regularly exchanged. 
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Problems to be solved by the invention 

For the control rod inserted/pulled in from the core portion 
of the nuclear reactor, the entire surface of each wing is not 
uniformly irradiated by neutrons. For example, the insertion tip 
region and the outer edge region of each wing are irradiated by a 
higher intensity of neutrons. Consequently, the neutron absorbent 
packed in these regions absorbs large dose of neutrons and is 
consumed faster than the other regions of the wing, so that the 
nuclear service life comes to an end faster. Consequently, 
although the neutron absorbent packed in the other regions of the 
wing still has a sufficient nuclear service life left, the 
control rod for a nuclear reactor has to be disposed of as 
radioactive waste. This is an economic waste. On the other hand, 
as the exchange frequency of the control rod for the nuclear 
reactor increases, the dose exposed on the operators rises. This 
is a disadvantage. 

In order to solve this problem, the present inventors have 
developed a type of control rod for a nuclear reactor, having 
hafnium or other long-life type of neutron absorbent with a 
longer nuclear service life partially located in regions of the 
control rod under a higher intensity of neutron irradiation. As 
disclosed in Japanese Kokai Patent Application No. Sho 53 [1978]- 
74697, this type of control rod for a nuclear reactor has a 
hybrid configuration, in which the long-life type of neutron 
absorbent is arranged in the tip portion and outer side terminal 
portion under higher neutron irradiation. The service life of 
this hybrid type of control rod for a nuclear reactor has a 
service life about twice that of the conventional type of control 
rod. 
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On the other hand, for the conventional control rod for a 
nuclear reactor, the neutron absorbent is packed with a uniform 
density over the entire region of the wing, with the neutron 
absorption, that is, the reactivity, equal in the various regions 
in the axial direction. However, since the neutron irradiation 
dose is nonuniform, a dispersion in the reactivity over time 
takes place and, at the end of the operation cycle of the nuclear 
reactor, the nuclear reactor shutdown tolerance might decrease 
partially. 

That is, when the aforementioned control rod for a nuclear 
reactor is used and the nuclear reactor is set in operation for a 
certain period of time, the distribution of the nuailear reactor 
shutdown tolerance (noncritical degree) in the direction of the 
core axis has a certain difference depending on the design 
specifications of the fuel assembly or the operation method of 
the nuclear reactor. Basically, the distribution shown in Figure 
4(A) takes place. That is, the nuclear reactor shutdown tolerance 
becomes larger on the upper terminal and lower terminal. On the 
other hand, the nuclear reactor shutdown tolerance reaches a 
minimum at a position a little lower from the upper terminal. 

The reason is believed to be as follows. 

Supposing that the effective length in the axial direction 
of the core of the nuclear reactor is L, in the upper terminal 
region from the position 3/4L from the lower terminal to the 
upper terminal, the gas bubble rate (void rate) in the operation 
becomes higher, and the reactor's output density becomes 
relatively lower. Consequently, the residual amount of uranium 
with a mass number of 235 (U-235) as the fission substance is 
relatively large. Also, due to the gas bubbles (voids), a 
clearing [transliteration] phenomenon of the neutron spectrum 
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takes place. As a result, the plutonium formation reaction 
(neutron absorption reaction) is promoted. Consequently, after 
operation of the nuclear reactor, the concentration of the 
fission substance in the upper portion of the core becomes 
higher, which becomes a reason for the decrease in the nuclear 
reactor shutdown tolerance. 

On the other hand, for nuclear reactors in the future, in 
order to meet the demand for improvement of the economy of /3 
the operation, it will be necessary to increase the combustion 
degree of the nuclear fuel and to prolong the operation cycle. As 
a specific measure, there is a high demand for the development of 
a control "rod for a nuclear reactor that makes use of nuclear 
fuel with a high enrichment degree, and thus a longer service 
life and larger nuclear reactor shutdown tolerance. 

However, when the conventional control rod for a nuclear 
reactor is adopted in a nuclear reactor loaded with a nuclear 
fuel having a high enrichment degree, the nuclear reactor 
shutdown tolerance is relatively low and, for each short 
operation cycle, the control rod for the nuclear reactor 
frequently has to be exchanged. 

In the operation for exchange of the control rod for a 
nuclear reactor, the nuclear reactor has to be shut down, and the 
fuel assemblies set in the periphery of the control rod to be 
exchanged have to be removed beforehand. The operation is 
tedious. Consequently, the nuclear reactor frequently has -to be 
shut down to exchange the control rod. Since the pause period 
becomes longer, the operational efficiency and economy of the 
nuclear reactor deteriorate significantly. On the other hand, the 
man-hours needed for the control operation become much larger. 
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The purpose of this invention is to solve the problems of 
the aforementioned conventional scheme by providing a type of 
control rod for a nuclear reactor with a high reactivity and a 
long service life, which is for prolonging the nuclear service 
life by using a long-life type of neutron absorbent on the U- 
shaped sheaths and for increasing the reactivity value of the 
control rod and enlarging the nuclear reactor shutdown tolerance 
by arranging a larger amount of the neutron absorbent in the 
portions with a higher reactivity effect. 

Constitution of the invention 

Means for solving the problems 

In order to realize the aforementioned objective, the 
control rod for a nuclear reactor of this invention has a 
constitution characterized by the following facts: a tip terminal 
structural part and a tail terminal structural part are combined 
with each other by a tie rod, and U-shaped sheaths are fixed on 
the aforementioned tie rod, tip terminal structural part, and 
tail terminal structural part to form wings; in this control rod 
for a nuclear reactor, the aforementioned sheaths of wings are 
formed from a long-life type of neutron absorbent made of hafnium 
metal or an alloy with hafnium as its principal ingredient; also, 
in the region on the insertion tail side adjacent to the - 
insertion tip region of the aforementioned wing, the total amount 
of the neutron absorbent gradu ally d e creases towards the 
insertion tail side in the longitudinal direction. 
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Functions 

For this type of control rod for a nuclear reactor, since 
the U-shaped sheaths forming the wings are formed from a long- 
life type of neutron absorbent made of hafnium metal or an alloy 
with hafnium as its principal ingredient, the nuclear service 
life is longer, and a longer service life [of the control rod for 
a nuclear reactor] can be realized. On the other hand, since the 
long-life type of neutron absorbent is used as a sheath, and 
water as a decelerating material is fed into the sheath, water 
can decelerate the neutrons to those at an energy level that 
facilitate absorption, and the neutron absorption effect, that 
is, the reactivity effect of the control rod, rises. 

In addition, since the neutron absorbent is actively and 
effectively arranged so that the noncritical degree becomes lower 
in the axial direction in the core of the nuclear reactor when 
the control rod for the nuclear reactor is fully inserted, an 
even higher reactivity value and even larger nuclear reactor 
shutdown tolerance can be realized. 

Application example 

In the following, this invention will be explained in more 
detail with reference to an application example of the control 
rod for a nuclear reactor of this invention. 

The control rod for a nuclear reactor that controls the 
output of a boiling-water reactor or other light water reactor 
has a configuration shown in Figures 1-3. In this configuration 
of control rod (10) for a nuclear reactor, tip terminal 
structural part (11) and tail terminal structural part (12) are 
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combined with each other by a central die rod (13) made of 
stainless steel having a cross-shaped cross-sectional profile. On 
each blimp portion of said tie rod (13), a sheath (15) with a deep 
U-shaped cross-sectional profile is fixed, forming wings (16) . 
Sheaths (15) are formed from a long-life type of neutron 
absorbent made of hafnium metal or an alloy with hafnium as its 
principal ingredient. The insertion tip side and insertion tail 
side of wing (16) with sheath (15), are fixed on tip terminal 
structural part (11) and tail terminal structural part (12), 
respectively. On tip terminal structural part (11), an operation 
handle (IS) is arranged. Also, a guide roller (19) is arranged 
for guiding control rod (10) to - enter/leave the co*e of the 
nuclear reactor. 

On the other hand, wing (16) is divided into an insertion 
tip region on the insertion tip side and a region adjacent to 
this insertion tip region and extending towards the insertion 
tail side. The insertion tip region of wing (16) has a length of 
5-32 cm, usually 15-16 cm, extending from the insertion tip 
towards the insertion tail side. This insertion tip region has 
little relation to the nuclear reactor shutdown tolerance, 
and thus is not required to have a high reactivity* However, /4 
it is intensely irradiated by neutrons from the core. 
Consequently, in this portion, long-life type neutron absorbent 
plate (20) made of a hafnium plate that is solid or substantially 
solid over the entire thickness is formed in the thickness 
direction of wing (16). This long-life-type neutron absorbent 
plate (20) is fixed as protrusion portion (20a) extending in the 
width direction of the wing is engaged with groove (21) of tip 
terminal structural part (11) . 



Also, in the region on the insertion tail side and adjacent 
to the insertion tip region of wing (16), as the outer edge 
portion of wing (16) is intensely irradiated by neutrons, on this 
portion, as shown in Figure 2, hafnium material (22) made of 
hafnium metal or an alloy with hafnium as its principal 
ingredient is formed. This hafnium material (13) forms the outer 
edge portion of wing (16) and forms the outer terminal portion of 
sheath (15) . 

On the other hand, since sheath (15) and central tie rod 
(13) are made of different types of metals, direct welding is' 
impossible. Consequently, as shown in Figure 1, four L-shaped 
cross-sectional hafnium sheets (15a), (15b), (15c) and (15d) made 
of hafnium metal or an alloy with hafnium as its principal 
ingredient are set opposite to each other with their corners 
corresponding to the corners of cross-shaped cross-sectional 
central tie rod (13), respectively. Hafnium material (22) is 
inserted and fixed by welding on the facing tip terminal portions 
of said hafnium sheets (15a)-(15d). With hafnium material (22) 
being fixed, sheath (15) with a deep U-shaped cross-sectional 
profile is formed for wing (16) . 

On the side of central tie rod (13) of sheath (15), a 
hafnium rod (24) having a rectangular cross-sectional profile is 
set in the length direction of wing (16), and is fixed to the 
sheath (15) by welding, etc. This hafnium rod (24) can guarantee 
the gap on the inner side in the width direction of the wing of 
sheath (15), and can guarantee the mechanical strength. Flow 
channel (25) guiding water as the decelerating material is formed 
between sheaths (15) of wings (16) . 

As shown in Figure 1, in the intermediate portion in the 
longitudinal direction of the wing of control rod (10) for a 



nuclear reactor, reinforcing rod (26) made of stainless steel 
extending in the width direction of the wing in sheath (15) is 
set between upper and lower hafnium rods (27a) and (27b) . Said 
reinforcing rod (26) is welded and fixed on the protruding 
portion of central tie rod (13), and it can suppress deformation 
of the central portion of wing (16) . In the upper and lower 
terminal portions and the intermediate portion of wing (16), 
openings (28) and holes (not shown in the figure) for the passage 
of water are formed. 

In addition, just as with the insertion tip region, for the 
insertion tail region of wing (16), hafnium plate (30) is 
inserted and fixed in groove (31) extending in the*width 
direction of the wing of tail terminal structural part (12) . 

As shown in Figure 3, in the region adjacent to the 
insertion tip region of wing (16), a hafnium plate (33) made of 
hafnium metal or an alloy with hafnium as its principal 
ingredient is lined on the two inner sides of sheath (15). This 
hafnium plate (33) extends from the insertion tip region of wing 
(16) towards the insertion tail side, and it terminates midway. 

As hafnium plate (33) is lined on the inner side of sheath 
(15), for wing (16), in the region on the insertion tail side 
adjacent to the insertion tip region, the amount of the long-life 
type of neutron absorbent can be reduced stepwise (or 
continuously) , so that more neutron absorbent is arranged in the 
portion that is prone to have a lower noncrystal degree than that 
arranged in the portion with a higher reactivity. Consequently, 
it is possible to raise the reactivity value of the control rod 
for a nuclear reactor, to increase the nuclear reactor shutdown 
tolerance, and to prolong the service life, at the same time. 
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In the following, an example of the manufacturing procedure 
of the control rod for a nuclear reactor will be explained. 

While hafnium plates (33) are lined at the prescribed sites 
of L-shaped hafnium sheets (15a) -(15d), the corners of the 4 
hafnium sheets (15a) -(15d) are set in contact with each other. In 
the gaps formed by various hafnium sheets (15a) -(15d), 
rectangular hafnium rod (24) is set and fixed in the longitudinal 
direction of the wing. At the same time, hafnium rods (27a), 
(27b) are inserted as an upper/lower pair in the width direction 
of wing (16) and are fixed, with reinforcing rod (26) being 
inserted between said hafnium rods (27a) and (27b) . On the outer 
edge portions of 4 hafnium sheets (15a) -(15d), hafnium part (22) 
is inserted in the longitudinal direction of the wing, and is 
fixed to form a cross-shaped cross-sectional profile. In this 
way, sheath (15) with a deep U-shaped profile is formed /5 
from the long-life type of neutron absorbent. 

On the other hand, central tie rod (13) is bonded on 
terminal structural part (12) by welding or. some other means, 
with hafnium plates (30) being inserted in grooves (31) of said 
terminal structural part (12) . On the other hand, central tie rod 
(13) is inserted through hafnium sheets (15 [a] ) - (15d) assembled 
to form a cross-shaped cross-sectional profile and the lower 
terminal portions of hafnium sheets (15a) -(15d) on hafnium plate 
(30) . 

Hafnium plate (20) is then fastened on the upper terminal 
portions of hafnium sheets (15a) -(15d). Each hafnium plate (20) 
is guided into groove (21) of tip terminal structural part (11), 
at the same time, tip terminal structural part (11) is fastened 
by welding on central tie rod (13) . 
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Finally, one or several reinforcing rods (26) set in the 
intermediate portion in the length direction of wing (16) are 
welded and fixed on the protruding portions of central tie rod 
(13) to enhance the mechanical strength of wing (16) so as to 
prevent deformation of the intermediate portion of the wing* In 
this way, control rod (10) for a nuclear reactor is assembled. 

For said control rod (10) for a nuclear reactor, as U-shaped 
sheaths (15) that form wings (16) are formed from a long-life 
type of neutron absorbent, the nuclear service life becomes 
longer, and it is possible to prolong the service life of control 
rod (10). Also, for said control rod (10),- flow channel (25) for 
guiding water as a decelerating material is f ormedainside the 
region on the insertion tail side adjacent to the insertion tip 
region of wing (16) . Consequently, the neutrons are decelerated 
by water guided through said flow channel (25) to become neutrons 
at an energy level that promotes absorption. As a result, the 
neutron absorption, and hence the reactivity effect of the 
control rod, rises. 

Also, since hafnium plate (33) is lined on the inner side of 
sheath (15) in the region on the insertion tail side adjacent to 
the insertion tip region of wing (16), the neutron absorbent is 
actively arranged in the portion where the noncritical degree in 
the direction of the core becomes lower when control rod (10) for 
a nuclear reactor is fully inserted. Consequently, as shown in 
Figure 4(B), the reactivity value (neutron absorption 
characteristics) becomes significantly higher. As shown in Figure 
4 (C) , the nuclear reactor shutdown tolerance becomes larger than 
that of the conventional control rod. 

In the following, other application examples of the control 
rod for a nuclear reactor of this invention will be presented. 
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Figure 5 is a diagram illustrating Application Example 2 of 
the control rod for a nuclear reactor of this invention. For 
control rod (10A) for a nuclear reactor in this application 
example, hafnium plate (35) with a multistep configuration is 
lined in sheath (15) in the region on the insertion tail side 
adjacent to the insertion tip region of wing (16) . This hafnium 
plate (35) is formed from a long-life type of neutron absorbent 
made of hafnium metal or an alloy with hafnium as its principal 
ingredient. It has a configuration with the thickness decreased 
stepwise from the side of the insertion tip to the side of the 
insertion tail of wing (16) . Said hafnium plate (35) is fixed 
through spacer (36) on the inner side of sheath (15) . The other 
features of the configuration are substantially identical to 
those of control rod (10) for a nuclear reactor shown in Figures 
1-3, Consequently/ they are not to be repeated here* 

Figures 6 and 7 illustrate Application Example 3 of the 
control rod for a nuclear reactor. For control rod (10A) in this 
application example, a hafnium plate (38) with a multistep 
configuration, such as a 2-step configuration, is set in the 
central portion of sheath (15) of the region on the side of the 
insertion tail adjacent to the insertion tip region of wing (16) . 
Said hafnium plate (38) has a gap from sheath (15) maintained by 
washer-shaped spacer (39) : it is maintained by fixing pins or 
other fixing parts (40) ♦ 

Also, as shown in Figure 8, for control rod (10C) for a 
•nuclear reactor, a corrugated hafnium plate (43) is set in sheath 
(15). Said sheath (15) is fixed by spacer (44). In addition, as 
shown in Figure 9, it is also possible to set short hafnium pipes 
(45) made of hafnium metal or an alloy with hafnium as its 
principal ingredient in sheath (15) of wing (16) in the width 
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direction of the wing in a column configuration- In this case, 
while water used as a decelerating material is guided in hafnium 
pipes (45), hafnium pipes (45) are fixed on sheath (15) by 
supporting parts on the upper and lower sides (not shown in the 
figure) . Said hafnium pipes (45) are inserted into the side of 
the insertion tip of wing (16) over a length of 1/3-1/4 of the 
effective length of control rod (10D) for a nuclear reactor, (the 
length of the wing in the length direction) . It is also possible 
to form hafnium pipes (45) having a cross-sectional profile of 
elliptical shape or elongated circular shape. /6 

Anyway, the same functions and effects as those of control 
rod (10) for a nuclear reactor shown in Figures 1-3 can be 
realized in this case. 

Also, for control rod (10E) for a nuclear reactor, in a 
configuration illustrated in Figures 10-11, in the region on the 
side of the insertion tail adjacent to the insertion tip region 
of (16), neutron absorbing rod (47) is set in sheath (15) and the 
lower portion is supported by support part (48) . Support part 
(48) is formed from a neutron absorbent made of hafnium metal or 
an alloy with hafnium as its principal ingredient. A gap from 
sheath (15) is maintained, and the mechanical strength of wing 
(16) is increased. 

On the other hand, neutron absorbing rod (47) is prepared by 
packing boron carbide formed by enriching the natural boron (B 4 C) 
and boron-10, Eu 2 0 3 -Hf0 2 , or some other neutron absorbing - 
substance (50) in covering tube (4 9) made of hafnium metal or an 
alloy with hafnium as its principal ingredient. When neutron 
absorbing substance (50) is boron carbide, He gas is generated 
due to the neutron reaction. Consequently, it is necess.ary to 
pack metal wool, etc., to form gas plenum (51). 
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In addition, as shown in Figure 12 , covering tube (53) of 
neutron absorbing rod (52) has a rectangular cross-sectional 
profile, so that the amount of neutron absorbing substance (50) 
packed inside it can be increased . 

For the control rod for a nuclear reactor shown in Figures 
10-12, the same functions and effects as those of the control rod 
for a nuclear reactor shown in Figures 1-3 can be realized. 

As an application example of this invention, L-shaped 
hafnium sheets have their corners engaged on the concave corners 
of the central tie rod, respectively, and the hafnium parts are 
inserted and fastened on the tip edges of the facing hafnium 
sheets to form U-shaped sheaths. However, there is no special 
limitation on the shape of the feed materials before formation of 
the sheath, as long as the sheaths can be finally formed in a U- 
shaped configuration from a long-life type of neutron absorbent 
made of hafnium metal or an alloy with hafnium as its principal 
ingredient. 

Also, as an application example of this invention, in the 
region on the side of the insertion tail adjacent to the 
insertion tip region of the wing, hafnium plates or neutron 
absorbing rods are set on the inner side of the sheaths, and the 
total amount of the neutron absorbent is reduced stepwise or 
gradually from the insertion tip region towards the side of the 
insertion tail of the wing. However, it is also possible to form 
the hafnium plate with its thickness changing continuously and to 
set the hafnium plate inside the sheath, so as to continuously 
change the total amount of the neutron absorbent from the 
insertion tip region towards the side of the insertion tail of 
the wing. 
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Effects of the invention 

As explained in the above, for the control rod for a nuclear 
reactor of this invention, the sheath of the wing is formed from 
a long-life type of neutron absorbent made of hafnium metal or an 
alloy with hafnium as its principal ingredient. Consequently, the 
nuclear service life of the control rod is prolonged, and a 
longer service life [of the control rod] can be realized. 

Also, since a long-life type of neutron absorbent is used as 
the sheath, water as a decelerating material is fed into the 
sheath. Due to the fed water, the higher-velocity neutrons are- 
decelerated to neutrons at an energy level that facilitates 
absorption. Consequently, the neutron absorbing effect, that is, 
the reactivity effect of the control rod, can be increased. On 
the other hand, since the neutron absorbent is actively arranged 
in the portions where the reactivity effect is high, an even 
higher reactivity value can be obtained, the nuclear reactor 
shutdown tolerance of the nuclear reactor can be increased, and 
the reactivity becomes higher for the long-life type of control 
rod for a nuclear reactor. 

Brief description of the figures 

Figure 1 is a diagram illustrating an application example of 
the control rod for a nuclear reactor in this invention. Figure 2 
is a plane cross-sectional view cut along line II-II in Figure 1. 
Figure 3 is a longitudinal cross-sectional view cut along line 
III-III in Figure 1, Figure 4(A) is a graph illustrating the 
distribution of the nuclear reactor shutdown tolerance in the 
axial direction when the nuclear reactor is made to operate for a 
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certain period using a conventional control rod for a nuclear 
reactor. Figure 4(B) is a graph illustrating the axial 
distribution of the neutron absorbing characteristics in the 
control rod for a nuclear reactor in this invention. Figure 4(C) 
is a graph illustrating the axial distribution of the nuclear 
reactor shutdown tolerance when the nuclear reactor with the 
control rod for a nuclear reactor of this invention is in 
operation for a certain period, as compared with that of the 
conventional control rod for a nuclear reactor. Figure 5 is a 
diagram illustrating the control rod for nuclear reactor in 
Application Example 2 of this invention. Figure 6 is a diagram 
illustrating the control rod for nuclear reactor in Application 
Example 3 of this invention. Figure 7 is an enlarged view of a 
portion of Figure 6. Figures 8 and 9 are diagrams /7 
illustrating modified examples of the control rod for a nuclear 
reactor shown in Figure 7. Figure 10 is a longitudinal cross- 
sectional view illustrating another application example of the 
control rod for a nuclear reactor of this invention. Figure 11 is 
an enlarged view of a portion of the control rod for a nuclear 
reactor shown in Figure 10. Figure 12 is a diagram illustrating a 
modification example of the control rod for a nuclear reactor 
shown in Figure 11. 

10, 10A-10E Control rods for a nuclear reactor 

11 Tip terminal structural part 

12 Tail terminal structural part 

13 Central tie rod 

15 Sheath 

15a-15d Hafnium sheets 

16 Wing 



20, 30 Hafnium plates 

22 Hafnium part 

24 Hafnium rod 

25 Flow channel 

2 6 Reinforcing rod 

27a, 27b Hafnium rods 

33, 35, 38 Hafnium plates 

36 Spacer 

39 Washer-shaped spacer 

40 Fixing part 
43 Hafnium plate 
45 Hafnium pipe 

47 Neutron absorbing rod 

49 Covering tube 

50 Neutron absorbing substance 
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Figure 2 




Figure 4. 
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Key: 1 Upper terminal 

2 Lower terminal 

3 Noncritical degree (nuclear reactor shutdown tolerance) 

4 Neutron absorbing characteristics 

5 Conventional control rod for a nuclear reactor 

6 Control rod for a nuclear reactor of this invention 
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